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We, E. I. Du Pont de Nemotjss and 
Company, a corporation organised and 
existing under the laws of the State of 
Delaware, of Wilmington, Delaware, 
United States of America, do hereby 
declare the nature of this indention and 
in what manner the same is to be per- 
formed, to he particularly described and 
ascertained in and by the following state- 
ment : — 

This invention relates to the poly- 
* nierization of monoethylenic compounds. 
"According to the present invention in 
the process of polymerizing one "or more. 
15 polymerizable monoethylenic compounds 
having the group CH 3 =C< in the pre- 
sence of an oxygen-liberating polymeriza- 
tion catalyst, and in the presence of water 
and /or other associated hydroxylated 
liquid having a molecular weight up to 
61, we provide the improvement which 
comprises promoting the effect of said 
catalyst by the presence of a compound 
of a heavy metal capable of existing in 
more than one state of valence, said com- 
pound being present in a reduced state. 

We have discovered that the fcolymerizr 
iug activity of the oxygen-liberating 
' catalysts, such as -hydrogen peroxide, is 
30 greatly promoted by the presence of. 
• .suitable amounts of a reduced heavy 
metal compound, for .example ferrous 
sulphate, and that such heavy metal com^ 
pounds, in the reduced state, are much 
35 more effective as catalyst promoters than 
when in the oxidized state. 

If a reduced heavy metal compound, 
such as feixous sulphate, is added, for 
example to an aqueous emulsion of a poly- 
40 merizable monn-olefinic compound such as 
a vinyl ester containing a peroxide as 
polymerization catalyst, the iron com- 
pound will be- effective as a catalyst pio- 
moter so long as it remains in the reduced 
-° state. However, it is rapidly oxidized by 
the peroxide and both the ferrous salt and 
the peroxide -must be replenished to main- 
tain a high rate of polymerization. Such 



method of practising the invention is in 
mo9t casses undesirable, chiefly because 50 
of the resultant contamination of the 
polymer with a relatively large amount 
of the metal salt and the relatively high 
consumption of the peroxide. Therefore, 
we prefer to. add also a reducing agent 55 
which will maintain at least an effective 
proportion of the heavy metal compound 
in the reduced state. 

A useful criterion for ohoosing nn 
efficient reducing agent is that under the 60 
conditions prevailing while polymeriza- 
tion proceeds, the reducing agent must be 
capable, of reducing ferric iron com- 
pounds to ferrous iron compounds in the 
presence of the oxygen-liberating com- (55 
pound selected as polymerization catalyst. 
We have found, also, that the hydrogen 
ion concentration affects the results in 
that the operability of the various reduc- 
ing agents varies with the pH. Some 
reducing agents are operative only under 
acidic conditions, and others only under 
alkaline conditions. Some are effective 
over a wide range of pH, while others are 
effective only in a limited pH range. 

The following examples illustrate but 
.do not limit the invention: — 
Example I. 
50 ml. of vinyl acetate is added to 500 
ml. of water in a three-neck round* bottom 
flask. The mixture is agitated slowly. 25 
ml. of 0.0242 M hydrogen peroxide and 
50 ml. of 0.03-5 M ssino formaldehyde 
sulphoxylate is added. Then 5 drops of 
a 1 per cent ferrous ammonium sulphate 
solution is added. The temperature at the 
start of the polymerization is 24.4° C. 
After 18 minutes, the temperature is 39.8° 
C. ; analysis showed that 95.8 per cent of * 
the vinyl acetate is polymerized. The pH go 
of the system is about 3.5. With hydrogen 
peroxide alone, no polymer forms under 
these conditions. 

Example II. 
To 20 ml. of atyrene there is added 2 g. 
of soap flakes, which contain 30 to 20 parts 
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per million of iron compounds, in a three- 
neck round bottom fiaslc equipped with a 
stirrer. 100 ml. of water is added slowly 
■with, agitation giving a dispersion of 
5 styrene in soapy water. 6.4 ml. of 0.4 X 
caustic soda is added. Then 4 ml. of 1.1 
M hydrogen peroxide and 0.2 ml. of butyr- 
aldenvde are added. The initial tempera- 
ture of the mixture is 27.7° C. After 10 
10 minutes the temperature of the mixture is 
44.4° 0. An analysis showed that 93 per 
cent of the styrene is polymerized. The 
initial p-H of Hie mixture is 11 .G and the 



final pS 10.83. Hydrogen peroxide alone 
will not polymerize styrene under these 15 
conditions. 

The following Table shows a group of 
activated systems, generally comparable 
to those of the foregoing examples, 
together with the monomers which have 
been rapidly and efficiently polymerized 
with these systems iu accordance with the 
process of the present invention. In the 
Table, the reducing agents are grouped . 
according to the pH ranges in which they 25 
are. effective : — 
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Table 

Reducing: Agents Effective in the pH range : 1 to 5 

Activated System 



Compound Polymerized 



Vinyl acetate 



Vinyl cyanide 
Methyl methaerylate 
Vinylidene Chloride 
Vinyl acetate 

Vinyl cyanide 
Methyl methaerylate 
Vinyi acetate 

Vinyl acetate 

Styrene 

Styrene 
Vinyl acetate 

Vinvl acetate 



Vinyl acetate 



Vinyl acetate with 
Vinyl cyanide 

Vinyl acetate with 
Methylmethacrylate 

Vinyl cyanide with 
Vinylidene chloride 

Vinyl acetate, 
Vinyl cyanide and 
Vinylidene chloride 



Catalyst 



Hydrogen 
peroxide 



Ammonium 
persulphate 
Tert.-butyl 
hydroper- 
oxide 
Peracetic 
acid 

Copolymers 



Hydrogen 
peroxide 



deducing Agent 



Sodium formalde- 
hvde sulphoxylate 
(NaHSO-.CHjjO) or 
Zinc sulphoxylate 
Zn(HSO*.CH 2 0) 2 



1-Ascorbie acid or 
d-Ascorbic acid 



Oxidized glucose 
or fteductone 

Dihydroxy maleic 
acid 

Sodium formalde- 
hyde sulphoxylate 
Ascorbic Acid 
Ascorbic Acid 

Sodium formalde- ' 
liyde sulphoxylate 

Ascorbic acid 



Sodium formalde- 
hyde sulphoxylate 



Sodium formalde- 
hyde sulphoxylate 
and Ascorbic acid 



Metal Com- 
pound 
Promoters 



Iron or Vana- 
dium 



Iron 



Iron 
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Beducing Agents Effective in the pH Bange : 7 to 9. 









Metal Com- 


Compound Polymerized 


I'auaiySb 


Beducing Agent 


pound 
Promoters 


Methyl methacrylate 


Hydrogen 
-.puruxiue 


Sodium sulphite 


Iron, Copper, 
Cobalt or 
Nickel. 


Methvl methani'vlnf-^ 




Thiourea peroxide 
or Ponnamidine 
sulphinio acid. 


Iron 


Methyl methacrylate 


jj 


d«-Isoascorbic acid 


Coppeii; Iron 
or Vanadium. 


Vinyl acetate 


JT 


Formamidine sul- 
phinic acid 


Iron 


Methyl methacrylate 


JJ 


Oxidized glucose 
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Compound Polymerized 


Catalyst 


Keducing Agent 


Metal Com 

pound 
Promoters 


Styrene . . 
• 


Hydrogen 
peroxide 


Butyraldehyde, 
Acetaldehyde, 
Propionaldehyde, 
Cinnamic aldehyde, 
Citronellal Iso- 
butyraldehyde, 
Heptaldehyde or 
Benzaldehydc. 


Iron 


Styrene 

Styrene 

>j 
n 
11 
ii 
ii 


Hydrogen 
peroxide 

Hydrogen 
peroxide 

ii 

ii 

ii 

ii 

Sodium 
peroxide 


Acetone, Methyl 
amyl ketone, Di-iso- 
propyl ketone, Di- 
acetone alcohol, 
Phorone or Aeetyl- 
acetone. 
Pyxogallol 

Pinene 

Propylene Oxide 
d-Levulose 
1-Ascorbic Acid 
n-Butyraldehyde 


ii 

\i . 

ii 
ii 
ii 

ii 


ii 


carbonate 




ii 


ii 


Sodium 
perborate 


ii 


ii . 


ii 


Hydrogen 
peroxide 


Methyl aceto- 
acetate 




ii 


. )> 


Ethyl acetone di- 
carboxylate 


» 


it 


Ammonium 
J persulphate 


Methyl aceto- 
acetate 


ii 



By reference to the above Table it may 
be seen that the selection of a suitable 
system will usually depend upon the con- 
ditions under which the system is ft > be 

6 operated. Thus, it has been found that 
the same reducing agent will not neces- 
sarily function effectively over the entire 
1>H range from 1 to 14. In order to 
determine whether the reducing agent is 

10 a satisfactory one to employ, under the 
conditions of operation, it has been iounrt 
desirable to make qualitative tests to 
determine whether such reducing agent 
will rapidly reduce ferric ions to ferrous 

15 ions under the prevailing conditions, it 
is also desirable to determine whether the 
reducing agent will rapidly destroy the 



peroxygen compound under the same con- 
ditions. As an example of how these test^ 
can be satisfactory made, tests will be 
described as performed on a system which 
is to contain sodium formaldehyde sulph- 
oxylate (a reducing agent commercially 
employed for reducing dyestuffs), ferric: 
ammonium sulphate and hydrogen per- 
o>dde. If, to water, one adds a few drops 
of a dilute ferric ammonium sulphate 
solution and a small amount of potassium 
thiocvanate, the deep red colour oharar- 
teristic of ferric thiocyanate forms at 30 
once. The addition of a small amount of 
sodium formaldehyde sulphoxylate solu- 
tion to this system containing feme ion 
. will immediately discharge the colour. 
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The existence of ferrous ions in this system 
can be shown by properly testing with 
alpha-alpha-dipyridyl by known method. 
It* a dilute hydrogen peroxide solution, 
& which for example may contain 25 cc. of 
0.024 M hydrogen peroxide in 500 cc. 
water, is treated with a dilute solution 
of sodium formaldehyde aulphoxylate, 
which may contain 0.001 to 0.005 M, the 

10 mutual destruction of the hydrogen per- 
oxide and sodium formaldehyde sulph- 
oxylate is small. This may be shown by 
following the changes in the system by 
titrating the sodium f ormaldehyde sulph- 

15 oxylate with bromine and subsequently 
determining the hydrogen peroxide pre- 
sent with eerie sulphate. , 

Finally, a comparable series of tests 
will show that- a system which rontains 

20 hydrogen peroxide, sodium formaldehyde 
sulphoxylate, and small amounts of pro- 
moting iron compounds, contains the' 
oxidizing agent, the reducing agent and 
ferrous ion, and that these three materials 

2d can be maintained in the system for a 
considerable period of time. These results 
show that, at the existing pH,. the sodium 
formaldehyde sulphoxylate is a suitable 
reducing agent for practising the inven- 
.30 tion. 

There are two different types of reduc- 
ing agents which will give satisfactory 
results in this invention. • The first type, 
which, will be described as " active " 

35 reducing agents, are such compounds as 
the sulphoxylate and ascorbic acid, which 
in themselves rapidly reduce iron com- 
pounds. The second group, herein termed 
" latent " reducing agents' are substances 

40 which alone are not effective to reduce 
iron compounds, but which react with 
hydrogen peroxide to "give an active 
reducing agent. To this class, belong 
such compounds as glucose, aldehydes, 

45 such as butyraldehyde, and ketones, such 
as acetone. For example, in a system 
which contains ferric ion, alpha-alpha-di- 
pyridyl, caustic soda-, and butyraldehyde, 
the butyraldehyde does not rapidly reduce 

50 the iron. If, however, hydrogen peroxide 
is added to the system, a. pink colour, 
characteristic of the ferrous iron, alpha- 
alpha-di-pyridyl complex immediately 
appears. 

ob . Reference to the above Table further 
indicates that the choice of a metal coin- 
pound as a promoter will also depend upon 
the conditions which prevail during the 
polymerization. The reduced state of the 

60 metal compound has been found to be the 
more active catalyst. Where conditions - 
are such that the reducing agent will not • 
produce and maintain- the metal in its 
reduced state, as for example was found 

65 to be the case by tests with a system which 
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contained copper sulphate am! sodium 
formaldehyde sulphoxylate at a pH be- 
tween 1 and 5-, the system is not one which 
produces rapid and efficient polymeriza- 
tion. 70 

These systems are particularly useful at 
temperatures ranging from about 25 to 
about 60° C, but may be used at higher 
and lower temperatures if so desired. It 
has been found generally advantageous to 75 
reduce the amount of 'metal compound 
promoter which is employed- where the 
polymerization is to be conducted, at 
higher temperatures. 

. The amount of reduced heavy metal 80 
compound required is generally small. 
The preferred concentrations, based on 
the total weight of Teactants present 
generally is from 0.1 to 5 parts per 
million. Where larger amounts of metal 85- 
compounds • are present, it has usually 
been found that the consumption of per- 
oxygen compound and reducing agent is 
excessive, although the rate of polymeri- . 
zation is generally increased. Where the 90 
system under polymerization is subject to 
contamination, which introduces excess 
metal compound over that which is desir- 
able, it has been found possible to add 
metal complex forming ions to advantage. 

95 

Thus sodium pyrophosphate, tartrate, or 
oxalate, can be employed to advantage in 
systems where contaminating iron com- 
pounds are present in such excessive inn 
amounts as 15 to 100 parts per million. 100 

The amount of hydrogen peroxide or 
other oxygen-liberating compounds em- 
ployed is not unduly critical. It may be 
varied from 1 or 2 per cent of the weight 
of the monomer to be polymerized, down- 105 
wards to several thousandths of a per cent. 
When the concentration of the peroxygeu 
compound, present is too low, the poly- 
merization will be slow and incomplete. 

The amount^ of the reducing agent HO 
employed likewise may vary considerably. 
The ^quantity used may range from one 
tenth of the weight of the peroxygeti com- 
pound to several times that of the per- 
oxygen compound. The most effective 115 
method of using these catalyst systems will 
likewise vary somewhat with the monomer 
or monomers which are being polymer- 
ized. It seems to be generally true that 
copolymerization of several * monomers 120 
requires more catalyst than is usually 
found necessary for the polymerization of 
the monomers individually. There is, at 
times, a desired advantage in adding the 
catalyst to the system in increments, 125 ■ 
rather than as a single addition at the 
beginning of the polymerization. This 
procedure permits a suitable small 
catalyst ^concentration to be more nearlv 
continuously maintained. 130 
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While we generally prefer to use an 
iron salt as catalyst activator, the simple 
(non-complex) soluble- compound of other 
heavy metals capable of existing in more 
5 than one state of valence may also be used, 
for example compoun ds of titanium, 
vauadium, ^altrroS&el. eoppejs^eriuiu, 
lead and-tin. .^"^w 
These activated systems are prnnaril} 
10 useful for the so-called emulsion type <>* 
polymerization, where the monmner aud 
water are both present, with or. without a 
suitable dispersing agent employed to 
homogenize the system. As indicated 
above, it is also possible to employ the 
process of the invention to advantage, 
using in place of water, or in addition 
thereto, other associated hydroxylatej, 
liquids having a molecular weight ujvio 
20 (Jl, such as ethanol or methanol^trfid in 
which the metal compounds^rfe more or 
l ess ionized. . 

The process-of^Ee present invention is 
suitabhflor polymerizing the various 
25 polymerizable nionoethyleuic compounds 
having the group CiL = C<, for example, 
monomelic mono-vinyl compounds, such 
as vinyl esters of organic acids, e.g. vinyl 
acetate, vinyl formate, vinyl butyrate, 
vinvl benzoate, etc.; vinyl ethers and 
ketones, e.g., vinyl alkyl ethers and vinyl 
allcyl ketones; vinvl halides and vinyl- 
idene halides, e.g. vinyl chloride and 
vinvlidene chloride; and vinyl aryls, e.g. 
stymie and substituted sryrenes. Also 
included are acrylic acid and its various 
derivatives such as methacrylic acid, 
cliloroacrylic arid, and* the esters and 
uitriles of acrylic acid and said deriva- 

^ * 1% This invention is primarily useful f»r 
saving time aud spare. % By using the 
improved process of this invention, it is* 
possible to economically and efficiently 

45 polymerize monomers with such inexpen- 
sive oxygen-liberating compounds as 
hydrogen peroxide. Without the use of 
the activated systems of the present 
invention, such polymerizations have 

50 previously been too slow or incomplete. 

We are aware that in British Specifica- 
tion No. 390.191 there is claimed a pro- 
rc« which comprises polymerizing an 
unsaturated organic compound in aqueous 
55 emulsion in the presence of a complex 
cyanide of the group consisting of water- 
Miluble ferricyanides. eobaltioyanides, 
nickelicyauides, molybdicyanides, mer- 
cericyanides, complex cyanides of zinc, 

60 copper and silver, mixtures of such 
complex cyanides, and compounds which 
are capable of yielding such complex 
cyanides under the reaction conditions, 
and we make no claim herein to anything 

65 therein claimed. 
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Having now particularly described and 
ascertained the nature of our said inven 
tion and in what manner the same is to 
be performed, we declare that, subject to 
the foregoing disclaimer", what we claim 
is: — 

1. In the process for polymerizing one 
or more polymerizable mono-ethylenic 
compounds having the group ('H 2 :C< 

\in the presence of an oxygen-liberating *° 
polymerization catalyst and in the 
pWsence of water and /or other associated 
hvdroxylated liquid having u molecular 
weight up to (il , the step which comprises 
promoting the effect of said catalyst by the 80 
presence of a compound of a .heavy metal 

/capable of existing in more than oue stare 
of valence, said, compound being present 
in a reduced state. 

2. In the process of Claim ] the step ;>f 85 
adding also a reducing agent which will 
maintain at least an effective proportion 

of the heavy metal compound in the 
reduced state. 

3. In the process of Claim 2 the step of 90 
using a reducing agent which is capable 

of reducing ferric iron compounds to 
ferrous iron compounds in the presence of 
the oxygen-liberating compound selected 
as the polymerization catalyst. 95 

4. In the process of any of the preced- 
ing Claims the step of carrying out the 
polymerization at temperatures ranging 
from 25 to 40" C. 

5. In the process of any of the preced- 100 
ing Claims the step of using an amount' 

of the reduced heavy metal compound of 
from 0.1 to 5 parts per million based on 
the total weight of the reactants present. 

6. In the process of any of the .preced- 
ing Claims the step of using, as the 
reduced heavy metal compound, an iron 
salt, for example, ferrous sulphate. 

7. In the process for polmerizing one 
or more polymerizable mono-ethylenic 
compounds having the group CH X :C< 
in the presence of an oxygen-liberating 
polymerization catalyst and in the 
presence of water and/ or other associated 
hydroxylated liquid having a molecular 
weight up to 61 , the step of promoting the 
effect of said catalyst by the presence of 
a compound of a heavy metal capable of 
existing in more than one state of valence, 
said compound being present in a reduced 
state, in the manner hereinbefore par- 
ticularly described and ascertained, 
especially with reference to the foregoing 
Examples and Table. 125 

8. Polymers of those mono-ethylenic 
compounds having the group 0TL:0< 
whenever obtained by a process involv- 
ing the step or steps of any of the preced- 
ing Claims. 130 
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Dated the 9th day of February, 194(5. E. A. BINGES, 

Solicitor for the Applicants. 
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